This study investigates the determinants of marketing contract choices and the related impact on farm net returns of apple farmers in China. We employ a two-stage selection correction approach (BFG) for the multinomial logit model. On the basis of the BFG estimation, we also use an endogenous switching regression model and a propensity score matching technique to estimate the causal effects of marketing contract choices on net returns. The empirical results reveal that written contracts increase apple farmers' net returns，while oral contracts exert an opposite impact.
Introduction
Marketing contracts are pre-harvest agreement between producers and contractors, in which only price and quantity are agreed (Wang, Wang, and Delgado 2014) . Agro-food marketing on a contractual basis is a common arrangement in agricultural sector all around the world. The coordination mechanisms through marketing contract arrangements play a vital role in linking smallholder farmers to advanced supply chains (e.g., supermarkets, restaurants, processors, and international markets), and leading to rural income growth and poverty reduction (Mangala & Chengappa, 2008; Blandon, Henson, & Islam, 2009; Miyata, Minot, & Hu, 2009 ). For small farmers living in remote rural areas in particular, agro-food marketing with marketing contracts is an enticing option, which may help overcome imperfect markets, improve access to credit, and reduce transaction costs and income risks (Goodwin & Schroeder, 1994; Musser, Patrick, & Eckman, 1996; Katchova & Miranda, 2004) . However, despite the benefits associated with marketing contracts, surveys have found that farmers use fewer marketing contracts in developing countries. For instance, in a survey of the fruit sector in 2005, Huang et al. (2008) found that only 22.86% and 4.76% of grapes are respectively sold with written and oral contracts in Shandong province in China.
The significance of marketing contracts in promoting smallholders' market participation and improving their welfare in developing countries has attracted considerable attention of policy analysts. In particular, several studies have examined farmer's binary choice between participating in advanced agro-food supply chains such as supermarkets through the contractual arrangements and selling at spot markets (e.g., Miyata, Minot, and Hu 2009; Escobal and Cavero 2012; Paulson, Katchova, and Lence 2010; Goodwin and Schroeder 1994; Blandon, Henson, and Cranfield 2009; Franken, Pennings, and Garcia 2014) . Most researchers find positive role of marketing contracts in serving as a price risk management and/or providing a premium to average spot market prices. As the uncertainties affecting specific types of transactions increase, spot market becomes increasingly costly. Furthermore, an emerging body of research reveals that participation in high-value markets such as supermarkets through marketing contracts leads to higher net incomes (Neven et al. 2009; Escobal and Cavero 2012) .
A number of authors have also examined the nature and determinants of the choices of different types of marketing contracts (Sartwelle, James D. et al. 2000; Katchova and Miranda 2004; Guo and Jolly 2008; Abdulai and Birachi 2009; Jia, Huang, and Xu 2012) . For instance, Katchova & Miranda (2004) investigated farmer's choices of marketing contracts such as cash sales, forward contracts, and futures/options. Abdulai & Birachi (2009) noted that the choice of written contracts, verbal contracts and spot market contracts used in Kenyan fresh milk supply chain are determined by location, information source, distance, travel time and gender. In addition to examining the factors that influence farmer's choices of different types of marketing contracts, understanding the linkages between different marketing contract choices and farm outcomes can also provide significant information to agro-food producers and policy makers on whether a particular choice of marketing contract is an effective option for smallholder farmers who are gradually shifting from traditional spot markets to advanced supply chains.
The issue is critical, given the increasing significance of contractual arrangements in linking smallholder farmers to modern supply chains in developing countries (Schipmann and Qaim 2011) . However, few studies appear to have analyzed the impact of the choice of different types of marketing contracts on farm net returns.
The present study contributes to the debate on contractual arrangements and farm net returns, by examining how different types of marketing contract choices affect farm net returns.
In particular, net returns are employed to provide an indication of income effect as it rules out possible differences in the aspect of output level, prices and variable input costs. The study utilizes a cross-sectional survey data of 422 apple farmers collected in Gansu, Shaanxi and Shandong provinces of China between September and December 2013. In the survey regions, farmers are primarily engaged in apple production for their livelihoods, and they are involved in contractual arrangements including written contracts, oral contracts and no contracts for apple marketing.
We model farmers' choices of marketing contracts as a selection process, where the expected higher net returns drive their choices of particular types of marketing contracts from available alternatives. Specifically, we employ a selectivity based approach for the multinomial logit (MNL) model to examine the impact of the choice of written contracts, oral contracts, or no contracts on farm net returns. This approach was proposed by Bourguignon, Fournier, & Gurgand (2007) , which can identify not only the direction of the bias related to the choice of a given marketing contract, but also which type of marketing contract is the source of the bias. In view of non-experimental nature of the data employed in the analysis, we use an endogenous switching regression (ESR) model and a propensity score matching (PSM) technique to estimate the causal effects of marketing contract choices on net returns.
The rest of the paper is structured as follows: Section 2 gives an overview of apple production and marketing in China. This is followed by conceptual framework and estimation technique. Section 4 presents a description of the data used in the analysis. The estimated results are given in Section 5. Conclusions are discussed in the final section.
Overview of apple production and marketing in China
China is the largest apple producer in the world. Apple output reached 37 million metric tons in 2012, accounting for nearly 48.44% of the world's total apple output (FAOSTAT). Although apple is widely grown in China, the major producing areas are concentrated in Bohai Gulf region (Shandong, Hebei and Liaoning provinces) and Northwest Loess Plateau region (Gansu, Shaanxi, Shanxi and Henan provinces). The agro-food market in China is dominated by a large number of smallholder farmers, traders and wholesalers (Huang et al., 2007) , and apple marketing is no exception. Apple farmers' participation in domestic and international markets is severely constrained as a result of market imperfection, information asymmetry and high transaction costs, especially those producing apples in hilly and mountainous areas. For instance, farmers have better information about apple quality, while buyers have more information about the markets. However, the information asymmetry prevents the agro-food transactions from operating efficiently. Given these constraints of apple marketing in China, farmers and buyers have learned to choose contractual arrangements that help in addressing these adverse conditions.
As indicated previously, three main types of contractual arrangements are used in the fresh apple supply chain in China. These include written contracts, oral contracts and no contracts or spot market contracts. Written contracts are formal agreements between farmers and buyers with regards to price, quantity, timing, and product attributes. Written contracts are signed by farmers and buyers who are from different marketing channels after negotiation of the contract terms, which are backed by the law. Oral contracts are informal agreements, in which the transaction terms similar to written contracts are verbally agreed. Oral contract users may receive deposit from the buyers to seal the deal. Compared to written contracts, there exists more uncertainties and external contract failure that may result from changing market conditions in informal oral contracts. For instance, buyers may breach the contract, if the profit losses due to downward market price fluctuation would exceed the deposit costs. Finally, no contract refers to spot market transactions, in which the transaction agreements are made on the market at prices fixed according to demand and price changes, without any advanced commitments.
Conceptual framework and estimation technique

The conceptual framework
The conceptual framework employed here is based on the assumption that farmers choose marketing contracts among mutually exclusive alternatives to maximize the expected net returns ( * ) in the presence of transaction costs (TC). These marketing contract alternatives could for example be: (1) written contracts; (2) oral contracts; and (3) no contracts (i.e. spot market selling). In essence, the proportional transaction costs increase the real price of inputs ( ) and decrease the real price received for output ( ) (Key, Sadoulet, and Janvry 2000; Ouma et al. 2010) . Let and denote proportional transaction costs per unit of input (I) and output (Q), so that we can derive the adjusted input price ′ = + and output price ′ = − . Meanwhile, let and denote fixed transaction costs respectively for input and output market participation. Given these assumptions, farmers are assumed to maximize their farm net returns as:
Thus, from equation (1), we can rewrite a reduced form of net returns function, in which the net returns are determined by the output and variable inputs prices, proportional transaction costs for input and output market participation, and household and farm level characteristics (Z)
as follows:
For analytical purposes, we further assume that a household i compares the expected net returns from choosing marketing contracts ( ) to that obtained from using no contracts ( ), and the rational individual finally chooses to use the marketing contracts, if − > 0.
However, the difference in net returns cannot be directly measured, but can be specified as an index function, with an unobserved variable, * such that:
where is a binary indicator that equals 1, if the individual uses the marketing contracts, and 0 if the individual uses no contracts or sell at spot markets; in particular, j=1 if the farmer chooses written contracts, while j=2 if the individual chooses oral contracts. Thus, the farmer only uses marketing contract if the perceived net returns are positive.
The issue of impact analysis
In order to examine the impact of marketing contract choice on farm net returns, we assume that farm net return is a linear function of a vector of explanatory variables ( ) and a marketing contract choice dummy ( ). Thus, the farm net returns function can be specified as:
where is farm net returns for choosing written contracts (j=1) and oral contracts (j=2);
and are parameters to be estimated; is an error term that satisfies ~(0, ). The issue of selection bias arises if unobservable characteristics affect both the error terms in equations (3) and (4), resulting in a correlation between the two error terms, i.e. corr( , ) ≠ 0.
When selection is over a large number of exclusive choices (e.g., selling apples by choosing written contracts, oral contracts or no contracts), a two-step method is normally employed to address the issue of selection bias based on a multinomial logit model. Two traditional approaches are suggested by L. Lee, (1983) and Dubin & McFadden (Hereinafter DMF, 1984) .
However, Lee's method estimates a single selectivity effects for all choices together and DMF method establishes M-1 selection terms for the M choices, which cannot fully address the selection bias issues arising from multiple choices of marketing contracts. Therefore, this study employs a selectivity correction approach proposed by Bourguignon, Fournier, & Gurgand (Hereinafter BFG, 2007) , which is more accurate in capturing selectivity effects generated by alternative choices (Khanal & Mishra, 2014) .
BFG method
The BFG method is a two-step estimation model, accounting for selection bias and systematic differences across groups. The first-step applies an unordered multinomial logit (MNL) model aimed at studying farmers' choices of different types of marketing contracts, as well as creating selectivity terms for unbiased estimation of net returns equations. Since three types of marketing contracts are identified in this study, there are three selectivity correction terms that can be derived. Given that the first type of marketing contract is chosen (j=1), the MNL model is given as: (Greene 2012 ).
The second step of the BFG method involves the estimation of the net returns equations for the different types of marketing contracts, using ordinary least square (OLS) regression, where the selectivity terms estimated in the first step are simultaneously included to obtain unbiased and consistent estimation. Given that the marketing contract option one is chosen (j=1), the outcome equation for net returns, 1 is specified as:
where ( 1 ), ( 2 ) and ( 3 ) are the conditional expectations of 1 * , 2 * , 3 * , which are used to correct for selectivity effects; represents correlation coefficients between and ;
is the standard deviation of the disturbance term from the net returns equation; and 1 is the error term. The net returns equations for choosing other types of marketing contracts can be written in a similar way.
The selectivity correction terms in equation (6) have econometric interpretations.
Specifically, if at least one of them is significant, this would suggest the presence of sample selectivity effects. The estimated coefficients would be biased and inconsistent if these terms are not included in the related net returns equations. Moreover, for each net return specification, a positive (negative) coefficient of the selectivity term indicates higher (lower) net returns for the farmers, relative to a randomly chosen producer. This is because farmers with better (worse) unobserved endowments are more likely to choose this given marketing contract rather than other alternatives (Bourguignon, Fournier, & Gurgand, 2007) . Insignificant selectivity terms indicate the absence of sample selectivity effects.
The BFG estimation investigates the factors associated with the choice of marketing contracts and the related net returns. However, we are also interested in the causal effects of marketing contract choices on net returns. Additional estimations are therefore required. To estimate the causal effects of marketing contract choice accounting for bias due to both observable and unobservable factors, we employ an endogenous switching regression (ESR) model (Lokshin and Sajaia 2004) . On the other hand, if none of the selectivity bias correction terms is significantly different from zero in the net return specification for the given marketing contract, this would indicate the absence of selection bias due to unobservable factors. In such a case, we use propensity score matching (PSM) technique to assess the related casual effects of the given marketing contract choice on net returns (Lee 2013) . PSM addresses selection bias, but accounts for only observables.
The ESR model
The ESR is a parametric approach that uses two different estimation equations for a given marketing contract option and other alternatives, while accounting for selection process by including an inverse Mills ratio that is calculated from the selection equation presented in equation (3) (Lee, 1978; Maddala, 1983 ). The outcome equations are then based on equation (4), separately for each regime, conditional on the marketing contract selection decision, which is estimated by a probit model.
Given the marketing contract choice and outcome equations specified in (3) and (4), respectively, the relationship between the choice of marketing contract and the two regimes can be specified as:
where 1 represents net returns, if the first marketing contract option is chosen (j=1), and 0 is net returns derived from choosing other marketing contract options ( ≠ 1); X is a vector of exogenous variables that affect the net returns; 1 and 0 are error terms, with zero mean and normal distribution. The ESR model addresses the issue of selection bias resulting from unobservable factors as a missing variable problem. In particular, after estimating a probit model using the selection equation (7), the inverse Mills ratios 1 and 0 and the covariance terms, 1 = ( 1 , 1 ) and 0 = ( 1 , 0 ) can be calculated and plugged into equations (7a) and (7b):
where 1 and 0 control for selection bias resulting from unobservable factors such as the local institutional environment for the produce market and farmers' inherent ability; the error terms 1 and 0 have conditional zero means. The full information maximum likelihood (FIML) method suggested by Lokshin and Sajaia (2004) is used to estimate the selection and outcome equations simultaneously. The approach overcomes the drawback of estimating the equations separately, which generates residuals that are heteroskedastic.
The correlation coefficients, Moreover, 1 > 0 implies negative selection bias, indicating that farmers with below average net returns are more likely to choose the given marketing contract, while 1 < 0 implies positive selection bias (Lokshin and Sajaia 2004) . The consistent estimation also requires that the correlation coefficient 1 in ESR model and the coefficients of the significant selectivity bias terms ( ) in BFG model for the given marketing contract option have opposite signs.
The effect of marketing contract on farm net returns is examined by specifying expected values of the outcomes. The change in net returns due to a specific marketing contract relative to another contract is specified as the difference between the marketing contracts. These estimates are termed average treatment effects on the treated (ATT).
The ATT in this case is:
The PSM technique
PSM compares outcomes between only a given marketing contract users ("treated") and those using other marketing contract alternatives ("controlled") that are similar in terms of other observable characteristics, thus reducing the bias that would otherwise occur when the two groups are systematically different (Dehejia and Wahba 2002) . It involves two stages. First, we generate propensity score (i.e. the probability) of choosing the given marketing contract using a probit model. Second, we calculate the average treatment effect on the treated (ATT) based on the estimated propensity score. PSM can be expressed as:
where 1 = {0, 1} is the indicator for choosing the given type of marketing contract (j=1) and 1 is the vector of pre-choice characteristics.
After estimating the propensity scores, the ATT, PSM ATT τ can then be estimated as:
Several techniques have been developed to match the given marketing contract users and non-users of similar propensity score. In this study, we employ the most commonly used techniques including nearest neighbor matching (NNM), kernel-based matching (KBM) and radius matching methods to estimate the ATT.
Data and description
The data employed in the present study come from a farm household survey that was conducted between September and December 2013 in three main apple growing provinces (Gansu, Shaanxi and Shandong) in China. A multistage random sampling procedure with purposive selection of provinces and counties based on the intensity of apple production and random selection of villages and households was employed to select 422 farmers for the survey. Farmers were asked to provide detailed information on personal and farm level characteristics, asset ownership, financial situation, access to information, as well as marketing activities. Only 7.58% of the farmers who used marketing contracts choose different types of contracts. In these cases, we classify their contract type as the type of the contracts with larger proportion of production contracted in order to simplify the analysis. The final dataset of marketing contracts includes records for 179 written contract users, 71 oral contract users and 172 no contract users (i.e. spot market sellers).
The dependent variables considered include written contracts, oral contracts and no contracts, which gives the value of 1 if a given marketing contract was chosen, and 0 otherwise.
The outcomes refer to farm net returns, which are measured as the difference between the value of apple yields and variable input costs per mu 1 . The inputs included fertilizer, pesticide, hired labor, films for land moisture conservation and apple coloring, bags, and irrigation. The independent variables employed to explain the determinants of marketing contract choices are based on the existing literature (Katchova & Miranda, 2004; Wang, Wang, & Delgado, 2014) . and 17% of farmers choose written contracts and oral contracts, respectively. The rest opted for spot market contracts. Farmers in the sample are smallholders with an average orchard size of 5.22 mu. Apple production and marketing contribute 75% of total household incomes averagely, and the average net returns per mu is 7110 yuan 2 . In our sample, only 19% of farmers use cooperative organization as a primary marketing channel. 30% of households are observed to acquire output marketing information from their neighbors. More than half of the households are not credit constrained in the survey year. These are households that did not require additional credit for the farming activities. Table 2 presents differences in the characteristics between written contract users, oral contract users and no contract users. In particular, written and oral contract users are younger than no contract users. The orchard size of oral contract users is about 84% larger compared to no contract users. The orchard size of written contract users is much larger, which is more than double that of no contract users. Compared with no contract users, written contract users are 31% less likely to be credit constrained, while oral contract users are 27% more likely to be capital constrained. Both written and oral contract users have lower market perception of apple demand, compared with no contract users. There are also marked differences in output price and supply quantity between marketing contract users and no contract users. In particular, both written and oral contract users tend to obtain higher prices and sell larger quantities of the produce. The lower part of Table 2 also reveals that the average net returns for written contract users is 2.71% lower than that for no contract users, while the average net returns for oral contract users is much lower than that for the counterpart by 14.38%. Overall, the results presented in Table 2 indicate that written contract users, oral contract users and no contract users are systematically different.
Empirical results
Multinomial logit results on the choice of marketing contracts
The parameter estimates of the choice of marketing contracts used by apple farmers are presented in Table 3 . Note that the base group for comparison is farmers selling with no contracts. The MNL regression was used to model the farmer's choice of marketing contracts such as written contracts, oral contracts or no contracts, which was conducted in Stata 12.0. As indicated previously, the magnitudes of the coefficients from MNL model is difficult to interpret, we therefore use the marginal effects to interpret the determinants of farmer's marketing contract choices.
The marginal effects of cooperative sale variable are positive and statistically significant for oral contracts, indicating that trust mechanism developed between apple farmers and cooperative organizations contribute to the use of informal oral contracts. As indicated by Guo & Jolly (2008) , oral contracts tend to be used by the cooperatives, as underwriting and enforcement may rely on the network and norms of smallholders. The cooperative variable has a negative and significant impact on no contracts, but no impact on written contracts. Farmers who are not liquidity constrained are more likely to choose written contracts and less likely to use oral contracts. The positive and significant marginal effects of the timely payment variable for written contracts indicate that farmers who preferred timely payment are more likely to choose written contracts, while the negative and significant effects for no contracts suggest those who can accept delayed payment are more likely to use no contracts. This is because that timely payment can improve the situation of written contract users, especially resource-poor farmers, although delayed payment may be compensated by higher prices to some extent.
Relative to their counterparts in Shandong province (reference division), apple farmers in Gansu and Shaanxi provinces appear to favor the use of written contracts, while they are less likely to use no contracts. The significance of location variables indicates the importance of spatial effects. The volumes of apple sold have a negative, but statistically insignificant effect on oral and no contracts. However, a positive and statistically significant coefficient is observed for written contracts. The estimates also reveal that longer distance to reach buyers is positively and significantly associated with oral contracts. Finally, the variables such as age, education, orchard size, ownership of farming vehicle and computer, extension contact, access to information through neighbor, and the transacted prices did not appear to influence apple farmers' choice of marketing contracts.
As indicated earlier, another purpose of the MNL selection estimates of marketing contract choices is to account for the unobserved heterogeneity that could bias the results of the coefficients in the net returns equations. Thus, the MNL selection equations need to include one or more valid instruments for model identification, which should strongly influence farmer's choices of marketing contracts, but do not influence the net returns. In this study, we employed a variable representing farmers' perception of apple market demand as an instrument. As evident from the Table A-1 in the Appendix, the employed instrument is uncorrelated with net returns. However, it is highly significant in MNL selection equations, suggesting that it is a valid instrument. Besides, the significant marginal effects of market perception variable also indicate that farmers with perception of higher market demand for produced apples are less likely to use both written and oral contracts, but are more likely to use no contracts, suggesting that marketing contracts are more likely to be used to deal with sluggish markets.
Impact of marketing contract choice on net returns: BFG estimation
The estimates of the impact of marketing contract choice on net returns are presented in Table   4 . As indicated previously, the net return equations are estimated using OLS, in which selection bias correction terms derived from the MNL model are automatically included. The three types of marketing contracts generate three selectivity correction terms, denoted in Mills 1-3, which are used to control for selectivity effects. The estimator variances are all bootstrapped with 100 replications to deal with heteroskedasticity (Huesca and Camberos 2010).
The results reveal that the selectivity correction terms are significant in the choice of written contracts and no contracts, indicating the presence of sample selectivity effects in these specifications. Hence, accounting for selectivity is essential to ensure unbiased and consistent estimates of the coefficients in the net returns equations. For the written contract specification, the estimated coefficient of the selectivity correction term related to no contracts is significantly negative, indicating lower than expected net returns (downward biased) for written contract users relative to a randomly chosen apple producer. Thus, for farmers that obtained net returns from using written contracts, switching from written contracts to no contracts leads to a negative and significant impact on their farm net returns. This finding also indicates that apple farmers with worse unobserved attributes are more likely to sell their products with written contracts rather than sell with no contracts. For instance, farmers who perceived lower competitiveness of their apple quality in spot markets may be more likely to choose written contracts in order to stabilize marketing channel and reduce marketing risks. In addition, the BFG estimation reveals that all selectivity correction terms are insignificant in the choice of oral contracts, indicating the absence of selectivity effects, and that OLS is appropriate for identifying factors influencing net returns in the oral contract specification.
With regards to the factors influencing selection towards net returns, both the age and Transacted quantities and prices also seem to positively influence the choice of marketing contracts.
The estimates for the first-stage BFG approach are presented in Table 3 , while the secondstage results are presented in Table 4 . The results provide insights of the important factors that influence the choice of marketing contracts and the related net returns. However, in order to understand the causal effects of marketing contract choice on net returns, some further estimations are required. In particular, given the evidence of significant selectivity correction terms resulting from unobservable factors for written contract specification in Table 4 , this study employs ESR model to estimate the related causal effects (Lee 1978) . However, since we find no significant selectivity effects in the oral contract specification in Table 4 , indicating the absence of selection bias caused by unobservable factors, we use PSM technique to estimate the related causal effects (Rosenbaum and Rubin 1985) .
Impact of written contract choice on net returns: ESR estimation
The estimates of the impact of written contract choice (treatment group) on net returns are presented in Tables 5 and 6 , where the control groups are no contract users and oral contract users, respectively. As indicated previously, the FIML approach estimates both the selection and the outcome equations jointly. Considering the primary purpose of ESR estimation in this study is to estimate the causal effects of written contract choice on net returns, the interpretation of detailed results in Tables 5 and 6 is not put forward. It is worthy to note here that the coefficients of variables in the written contract choice equations in Tables 5 and 6 usually have the similar sign and significance with the variables estimated from MNL model in Table 3 .
An interesting finding in Tables 5 and 6 is the sign and significance of the correlation coefficients ( 1 and 0 ) of covariance terms between the error terms in the selection and outcome equations. In particular, the results show that the correlation coefficients ( 1 ) for the written contract users in both Tables 5 and 6 are statistically significant, indicating the presence of selection bias resulting from unobservable factors. Hence, taking into account both observable and unobservable factors is essential to obtain unbiased treatment effects (ATT).
Moreover, the positive sign for 1 indicates a negative selection bias, suggesting that farmers with lower than average net returns have a higher probability to choose written contracts. The negative selection bias here is consistent with the interpretation of negative and significant selectivity term in the net return equation for written contract specification in Table 4, confirming that BFG selectivity model proposed by Bourguignon, Fournier, & Gurgand (2007) is appropriate for the analysis of different types of marketing contract choices.
The estimates for the average treatment effects on the treated (ATT), which shows the causal effects of written contract choice on net returns, are presented in Table 7 . The ATT estimates account for selection bias arising from both observable and unobservable factors. The results reveal that the choice of written contracts tends to significantly increase net returns by 2.46%, when no contract users are treated as the control group. Moreover, the causal effect of written contract choice on net returns is much higher when it is against the use of oral contracts, with a 5.43% increase in net returns. These findings suggest that promoting the use of written contracts in fresh apply supply chain can be beneficial to farmers' welfare by contributing to higher net returns.
Impact of oral contract choice on net returns: PSM estimation
Given the absence of selection bias resulting from unobservable factors for oral contract specification in BFG estimation in Table 4 , we employ the PSM technique to assess the causal effects of oral contract choice on net returns. PSM includes two steps. In the first step, a probit model has been employed to predict propensity score (i.e. the probability) of choosing oral contracts. The estimated propensity score is given in Table A -2 in the Appendix, which shows that 83.65% of the sample observations are correctly predicted. The propensity score only serves as a device to balance the observable distribution of covariates across the oral contract users and non-users (Lee 2013) . Table 8 presents the results estimated for the causal effects of oral contract choice (treatment group) on net returns, where the control groups are no contract users and written contract users, respectively. As indicated previously, the ATT is estimated with the nearest neighbor matching (NNM), Kernal-based matching (KBM) and Radius matching methods. The results generally indicate that the choice of oral contracts exerts a negative and statistically significant impact on net returns. The finding is surprising, because the use of oral contract is also expected to increase net returns. This is possibly due to the fact that oral contracts enable farmers to receive advance payments (i.e. deposit), which can help them overcome short-term capital constraints. However, advance payments normally result in lower product prices, resulting in lower net returns. Moreover, the choice of oral contracts also appears to negatively and significantly decrease net returns by 1.94-2.50% as well, when the control group is the written contract users. This finding is consistent with the finding presented in lower part of Table 6 , showing the higher predominance of written contracts in enhancing farm net returns, compared to oral contracts.
Conclusions
This study examined the determinants of choosing marketing contracts disaggregated by written contracts, oral contracts and no contracts, as well as the related impact on farm net returns, using data collected from apple farmers in Gansu, Shaanxi and Shandong provinces between September and December 2013 in China. Given the nature of multiple discrete choices of marketing contracts, a two-step BFG model based on the multinomial logit model was employed to address the issue of sample selectivity effects. The results did suggest the presence of selection bias, indicating that accounting for selection bias is a prerequisite for unbiased and consistent estimation.
The empirical findings of the multinomial logit model on determinants of marketing contract choices revealed that the choice of written contracts is positively and significantly influenced by access to credit, timely payment, and the transacted quantities. The choice of oral contract is positively associated with cooperative sales and distance to markets. With regards to the factors that influence selection towards farm net returns, we observed that written contracts were positively affected by cooperative sales, extension contact, as well as transacted quantities and prices, while oral contracts were exclusively positively influenced by the transacted quantity.
The results of the MNL with selectivity estimation showed significant and negative selection bias correction term in net return model for written contract specification, indicating that the expected net returns for written contract users was downward biased. This is because farmers who are better suited with written contracts switched from written contracts to no contracts leading to a significant negative impact on their farm net returns. The result clearly suggests that unbiased and consistent evaluation of net returns due to certain marketing contract choices must take selectivity effects into account, which confirm that BFG approach is appropriate for such analysis.
On the basis of BFG estimation, we employed an endogenous switching regression model to estimate the causal effects of written contract choice on net returns, as well as a propensity score matching technique to assess the causal effects of oral contract choice on net returns. The results generally showed that the choice of written contracts was to increase net returns by about 2.46% and 5.43%, respectively, when the no contract users and oral contract users are treated as the control groups. However, the choice of oral contract tends to decrease net returns, no matter the control group is no contract users or written contract users. In particular, the causal effect of oral contract choice was to decrease net returns by 2.16-2.28% and 1.94-2.50%, respectively compared with no contract users and written contract users. Overall, the results indicate that marketing contracts functioned to enhance net returns increases only if written contract was chosen, and oral contract users tended to benefit more than no contract users from the use of marketing contracts. *, **, *** denote significance at 10%, 5% and 1% levels, respectively. The dependent variables is the logarithm of farm net returns; Location fixed effects includes in the estimation, but not reported here. Notes: The dependent variable is the log form of apple net returns measured in yuan/mu (1$=6.14 yuan);
In selection equation, it takes the value of one if farmers used written contract, 0 otherwise; *, **, *** denote significance at 10%, 5% and 1% levels, respectively. Likelihood ratio test for independent equations 2 (1) 3.65*
Observations 250
Notes: The dependent variable is the log form of apple net returns measured in yuan/mu (1$=6.14 yuan);
In selection equation, it takes the value of one if farmers used written contract, 0 otherwise; *, **, *** denote significance at 10%, 5% and 1% levels, respectively. Notes: ATT, average treatment effect on the treated; *, ** and *** denote significance at 10%, 5% and 1% levels, respectively; a As the dependent variable in the ESR outcome equation is the log form of net returns measured in yuan/mu, the predictions are also given in log forms. Notes: ATT, average treatment effect on the treated; *, ** and *** denote significance at the 10%, 5% and 1% levels, respectively; a As the outcomes used are the log form of net returns measured in yuan/mu, the predictions are also given in log forms. Note: *, **, *** denote significance at 10%, 5% and 1% levels, respectively.
